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B E, ARBRGEMRTRABANSY BT =M ABFLENAYw, RIBERR(25+1) B # 4K
F(6.24+0.32) kg #94 BEAEXK XK " Bf I31F 45 162 3k Ry A 3 N, HUAIAETEL , HANE
B 18 sk, AR R IK B A AR X 36 20 4 H) 47 R K B A R +500 mg/kg (CB500 1) | Ak mh 49
HE+2 000 mg/kg T ERAR A (CB2000 28) ,iX ¥ 414 30 d, KILE KRG , 2 HI KU 6 K8 (4
MNER2K)BMATEFEREZMALY, KRR 58 20 PR AR Fe 2 F R A B4k R (qPCR) 447
EEBEM, R A, 5 ARG CB500 21 CB2000 27 4545 1 F 3 4k & 2 70 b I 4 4
B EHFZF(P>0.05), ZHiB 0 A% R AN, CB2000 L8 B w547 5 = My A BE#E o X £ T
(OTU) K EFF RIGHEFHF S TR (P<0.05), £ 11AKF L FAH T (Firmicutes) | 7% £
& 17 ( Actinobacteria) . /- + # 17 ( Euryarchaeota) . % # i 1 ( Proteobacteria) . 3 # & '] ( Cya-
nobacteria ) = 4 4F 1 17 ( Bacteroidetes ) 4 ¥ #3417 # = i P o9 K % B 11 ; 5 P B 4848 18, CB500 41
F2 CB2000 B3 AFH AT+ E 3 B F EFH(P<0.05), ) T H 1M+ E 2 ¥ %I (P<0.05),
JEJB KT £ SMB53 | #) % 3 # /& ( Staphylococcus) 1% % K, & /& ( Dietzia) | ¥ ¥ 4247 & /% ( Metha-
nobrevibacter) 3LEE #F # /& ( Lactobacillus ) \#2. & J& ( Clostridium) 4% 3% H /% ( Streptococcus) ¥
KA H B ( Corynebacterium) Z37 K H & ( Weissella) = F #7 K. 14 /& ( Roseburia) AR B H B, 5
SRR LAAR YL ) T B AR B 4018 3 8 18 J& ( Pseudomonas) #0232 7w K. H J& ( Escherichia) ¥ %W 8B H
oy A8 5t B B FEAK(P<0.05) , W £3K 1 /& ( Coprococcus) . ¥ # K& /% . Butyricicoccus .77 % %
K. # /& ( Blautia) #= J& B 3 % /% ( Ruminococcus) % #9483 F BE % % 7 % (P<0.05) , qPCR &5 #7
2R A, 5 B4Rk CB500 A A= CB2000 48 47 8 A F= X M AF H 49 48 3t £ 5 8 ¥ & ( P<
0.05), ZRR T, TRERAGBILEZRJB BT HEMOAFR SR RSERBE FIHK
# J& Butyricicoccus A 57 45 I J Fo 8 B B H B A A T M i AR B B 09 AR xT F L AR A AT
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BRI H RS TR E ( Clostridi-
um butyricum) VE 4 25 24 B 28 B ARDRRER AR, vl A
RO P B B T SR AR e R
A AR i TE R AR v 3R 5T T A TR R
I & S AR ERE R BF i v LA 5%
b AR 1 P T R AT B AT R 2SR R R A A
ARG 3G 5, 300 1 g 3 PN K P FF BT i T IR B LR
GERABARICTA VTR ™ S BREAR T 55 I 1A
AR B RATA AT IR S R W, T R
P2 T T A ™ B B 25 KW A 1 8 B IR ™ i 7
A RIL W EE R KB FF# 5  IPEC-
2 41 R IR, B AR X TPEC-02 20 it A 3 45
TER™ ) B84 75 % B g R W, AR T a3 i 500
F12 000 mg/kg TR, Wil F 36 2 95 E &
JE RO B 73 0l Sk 2 B T 35.71% 1 47.36% , 1L
WHRERRE A MR ERRE N G F b BTt
o, IR TE SRR, A AT X 25 A B X T A A
HEEEH LRy ot o 2 T X K B (B W fn 4
Fi ) Bl T e R AR AR AL 0 N B AT
RS I i R, AR W R R ) A7 #)
1WAk FI IR BT I 38 04 B i AEL AT X TR AR TR AR
i A2 TR X /N i B R B SS R B pF D I, AR
TP 5% 388 2k 8 AR AR P A8 NS ) K S B T R AR 1T, R
JH e 38 DU 7 R iR A B BE R (gPCR) FEAR
F 5% H X W7 05473 25 T TR R S5 A B R2 i, ok TR
PR BT & AN O S LB AR 4l

1 #MR5FZE
1.1 R

TR B b R A W 7l A PR A F
RIS HE R AKX K™ =044 38410
1.2 RIiEt

WK (25+1) HfE IKE N (6.24
0.32) kg4 162 Sk BEHL > N 3 N4, &
H3ANEL, BNEL 18 KM, X R4 fa W IE R
T AR, 6 4 43 91 7 35 il 4 AR RS D 500 ( CB500
ZH) 12 000 mg/kg( CB2000 41) T MR i, JEHl
T KL Z: B NRC(2012) 5 Fr ity 2R, H A 8
TS5 7545 A ST R T AR I

I 30 d, W TE] B R EFROK, 4% 5 FL
Ty AT I e g AR SR A B, IR A5 R ET 1 R
19.00 JFEA A5 £ 25 12 h, SR )5 XF ik 16 4% vE 47
PREE

1.3 #Hm*&E

FEHEFR I N5 L BEHLIE B 6 kAT 46 (RS
HE 2 KA, BFE R RECRESHHBENE
W, WMAERGFE T TIKPhiiz2LE=,
-80 CIRFF
1.4 DNA f2E{#0 16S rRNA EF# 1% PCR & i

¥ H QIAamp DNA Stool Mini Kit( QIAGEN,
INEE ) K & B 2 I AR A
L 41 DNA, {# 549 341F(5'-CCTAYGGGRB-
GCASCAG-3") #1 806R (5'~GGACTACNNGGG-
TATCTAAT-3") X 4l # 16S rRNA J:[A V3 ~ V4
AT 4%, 35 Mlumina Hiseq -5 X5 4 5 X 35,
HEATIRE 1 ] QUIME2 K 14 % I e B3 #4743
Bt , 4% B8 97 % AR AL M X 3F 1 &2 17 9 R A7 454 4 26
BIG(OTU) 43t fli F Sliva F1 RPD $i 4 /2 %
Jifi OTU MR MEF S AT Y AL, R H 3
AR HT ( PCoA ) #E 47 FE & 7] beta 22 FEPE 43 4T,
K SparCC F3 32 PV il &1 5] AH B AR FH i) I 4% 56
Z R T Girvan-Newman B K 1158 W 2%
KR R 15 5 1Y igraph AR
1.5 A& qPCR & %F

Z W Xu & T 6K ED 5] Y )
(D)X= A EE R LR AT
FURUBLAT & A X 3= B #5417 gPCR 38, qPCR 7E
ABI7500 %15 PCR 1L ( ABI, £ [H) Hh k47, Hifk
Z R 10 pL &R, a7 T 5.0 pL SYBR Green
gPCR mix, I TG4 0.5 uL, N 4514 H
95 CFiZZYE 2 min;95 CAEVE 15 5358 Tk K FEfH
45 s, #4740 MER BRI E 3N EE, &
SRR A3 19 Ce 5 b o il 26 L33 504 5
DNA 1#5 DU%K
1.6 FHEHITHH

K HH SPSS 20.0 Seit#k (it 47 B 3R Jr 22 534
(one-way ANOVA) , >k H Duncan [G%i#47 £ & [
5 ,P<0.05 Fn 25 B E,0.05<P<0.10 £/nFAH 41k
e BER DA EABEAR DR (SEM) R

2 GBREHW
21 TEREEXNHFEEERNZI

PP 1 AT, B AR TR MR TR A i K
)T+, Wi A7 4 7 ¥ R i 2 3 B ¥, CB500
ZH AT CB2000 243 5 e X BRAH R 55 T 7.06% (P =
0.198) 1 10.66% ( P=0.072)
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Primer sequences

A W2 Microbial group

5|9 7% Primer sequences(5'—3')

%% Hk Reference

LI F:CATTGACGTTACCCGCAGAAGAAGC Xu 4501
Enterobacteriaceae R:CTCTACGAGACTCAAGCTTGC
jt%ﬁa ' F:CATGCCGCGTGTATGAAGAA Ty
Escherichia coli R.CGGGTAACGTCAATGAGCAAA
FLRAT F:GGAATCTTCCACAATGGACG Xu FHH
Lactobacillus R:CGCTTTACGCCCAATAAATCCGG
;(Jgk)%ﬂ% | F:GATTCTGGCTCAGGATGAACGC E——
Bifidobacterium R:CTGATAGGACGCGACCCCAT
20 AT MR FE T KO b RS ] 2R R R
%ﬁ s —— I"J( Firmicutes) \itZ 7 '] ( Actinobacteria ) | ¥ 3%
g B '] ( Cyanobacteria) ) f7 B [ ] ( Buryarchaeota) .
Z 10 A2 JE B 1] ( Proteobacteria ) 1 #1 #F I '] ( Bacte-
H{;{ X roidetes) , (573 = A BERY 99.87% Lk I, 5 X)
% HEZH A L, CB500 £ Al CB2000 £ AT B T AH X 3=
0 0 3 T (P<0.05) , by B T T AR X 3 B 2 R
XA cBsool  CB2000fd fIR(P<0.05) , i £k 1 11 AR % = B A7 8 i ) s 48
Control group  CBS00 group  CB2000 group (P=0.055) , i 5 B¥ B 1], 5 345 2 10 AR 0 2 B 4
E1 TEREESEEEENZn %25 (P>0.05)
Fig.1 Effects of Clostridium butyricum on TE JE K &, SMB53 % %) 3R 1 J& ( Staphylo-

body weight of weaned piglets

22 THREXMENDEFE=MEEYWHEEM
SHEMNZm
% 2 AT, 250 i %) 8 55 B 45 B0 K 10.99,
VLI P25 RO A SRR R Z e 1T al-
pha ZFEMEMT B, CB2000 411 OTU %0 i35 5
TXTRELL (P<0.05) , [F] B A A 15 Fi d 35 5 T X R 4
(P<0.05) , X 2 BAFELRAR H a0 T B AR b o] (e T 341
WA N D R R B AR RN
2.3 TEHRBREXNEBFESFE LM Mm
F 2 0] 0 0 W7 03 A7 0 5 W v %) TR R 45 A

coccus) i % K W & ( Dietzia ) . W J¢ 8 AT 1 )&
( Methanobrevibacter) . 3. B2 #T # J& ( Lactobacil-
lus) MR & ( Clostridium) 5% B3R # J& ( Streptococ-
cus) JEMRFFH & ( Corynebacterium) B3 [ H B
( Weissella ) F1% B [GTH J& ( Roseburia)) i AH X &
BE 10 &g, Hf, CB500 4111 CB2000 4H i
I B Bk T e N 2 ST TG e A R
FHE (P<0.05) , B BEFT 0 8 A7 XT3 B 3 R AIC
(P<0.05) ,SMB53 FLERF I )& Wi &  HERAT I
e FN RS LG T s A 2 B2 TE 25 % (P>0.05)

x2 BAERUFHR

Table 2 Overview of sequencing results of each group

i H papita:) CB500 4] CB2000 41 P1{H
Items Control group CB500 group CB2000 group SEM P-value
BEEZE BI040 OTU number/ > 383" 461° 486° 13.36 0.001
P4 #6844 Shannon index 4.74° 4.62* 5.15° 0.08 0.007
3 8% Simpson index 0.88 0.87 0.91 0.003 0.082
Chaol #5% Chaol index 471.28 542.04 535.98 14.94 0.094
ACE ffiit&# ACE estimator 454.76" 559.37" 548.58" 14.30 0.001
55 JEFEHL Coverage index 0.996 0.995 0.996 0.000 2 0.732

[T 8 R TE AN R 7R R 22 5 . 3% (P<0.05) . FRF,

Values in the same row with different letter superscripts indicated significantly different ( P<0.05). The same as below.
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I'T Phylum J& Genus
» SMB53
(10.62%~45.14%)
0.05% * Firmicutes « Staphylococcus
PO 0.09% (72.13%~86.24%) (2.81%~12.91%)
o Acti ; * Dietzia
Ac’unf(‘:tbixcterla0 ' (0.35%~6.08%)
(5.67%~14.87%) !
Cvanobacteria y * Methanobrevibacter
«Cy (0.72%~16.14%)
(0.12%~1.41%) 4 * Lactobacillus
- Euryarchaeota { (1.44%~15.68%)
pay: i (0.81%~16.70%)  43.00% « Clostridium
Control group Proteobacteri l (1.46%~7.03%)
- (lr 062;)/ ic7 e;i% %) | * Streptococcus
DAL ol 2950 (1.14%~4.24%)
* Bacteroidetes \ 6.64% * Corynebacterium
(0.02%~0.10%) (1.42%~5.93%)
» Others * Weissella
5.78% (0.49%~4.77%)
(YA 0, E . o
(0.01%~0-27%) Ll 5.46% * Roseburia
1.30% 3.37% ) (0.08%~0.24%)
2.25% * Others
(28.18%~56.97%)
* SMB53
. (12.99%~27.66%)
0.53% » Firmicutes * Staphylococcus
0.37%  3.58%  0.10% (67.88%~92.01%) (3.15%~10.14%)
. . * Dietzia
3.32% * Actinobacteria 1 ~
o (4.63%~27.86%) ) (0.92%~18.92%)
. y * Methanobrevibacter
* Cyanobacteria 4 (0.05%~1.08%)
(0.04%~19.52%) 4 » Lactobacillus
Euryarchacota / (2.39%~4.56%)
CB50041 (0.05%~1.11%) ‘ ' &’i%tﬁ/’d"fé’ 74%)
CB500 group * Proteobacteria - 52.23% . St.rept;cocc.us ’
2.91%~3.95%)
( . (L02%~3.21%)
«Bacteroidetes \ 0.35% Corynebacterium

(0.10%~1.70%)

«Others
(0.06%~0.24%)

3.05%
1.02% - 0.11%

. (1.20%~4.80%)
3.12%« Weissella

L76% (0.06%~0.24%)

« Roseburia
(0.38%~1.97%)

* Others
(46.59%~58.79%)

« SMB53
(8.80%~15.10%)

50 0.64% « Firmicutes » Staphylococcus
0.85% 5510 0.21% (12.96%~80.92%) (6.90%~22.39%)
0.18% + Acti : « Dietzia
° a?lgg"f}:‘f‘f;‘go% ) — (5.88%~0.85%)
. ’ + Methanobrevibacter
« Cyanobacteria (0.32%~1.93%)
(0.01%~0.33%) 4 » Lactobacillus
* Euryarchaeota |" (2.80%~5.03%)
CSBZOOOQE (0.33%~1.96%) [ 47.27% » Clostridium
2000 group . ! (4.04%~7.63%)
'gostgg/ba(gegéao/) \ . ftreptococcus
-03./0~0.067 Y 2.48%~10.45%)
. Bacteroidetes 0.82% « Corynebacterium
(0.27%~0.98%) 1.00%  (2.20%~4.74%)
* Others - sao% " (‘3/ %’ZS«Z’% 26%)
L V.. 0, B .
(0.10%~0.59%) . 5.22% « Roseburia
-38% . (0.61%~4.18%)
0.13% aidsvs * Others

(41.76%~53.60%)

Firmicutes ; JEBE | ] ; Actinobacteria ; JilUZ I 1] ; Cyanobacteria ; s ¥ & | ; Euryarchaeota ;) 15 & [ ] ; Proteobacteria ; 8 ¥ &
'] ; Bacteroidetes : JUFT &1 ] ; Staphylococcus : % % 3R )& ; Dietzia . 1 2% [ B J& ; Methanobrevibacter ; ' 158 5 AT 8 )& ; Lactobacil-
Ius . FLERFT & ; Clostridium ; R W J& ; Streptococcus ; 55 3R J& ; Corynebacterium ; ¥ IR AT B )@ ; Weissella ; B 31 [C T J& ; Rose-
buria; % Hr K & ; Others : Hoftlh, FIKI[F] The same as below,,
B2 TERRBEXHNFESEEELSHNZMm

Fig.2 Effects of Clostridium butyricum on microbial community structure in jejunum of weaned piglets
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& 3 AT, G O A R OR A7 0 25 I v A X (AR X F B R E R IR (P <0.05), T 2 BK 4 R
F B 1Y 35 Fhal R A B, S5 X BB A L ( Coprococcus) % 7 [ 1 J& . Butyricicoccus A 57
CB500 4H 1 CB2000 #H {i # }i & /& ( Pseudo- Y7 QT & ( Blautia) A8 H BRE & ( Ruminococcus)
monas) F13% Ay IR J& ( Escherichia) 55 5% 1 B0 T FR ARG 3 B 2 755 ( P<0.05) o

1 |"] Phylum
Corynebacterium 0.5 Actinobacteria
Arthrobacter 0' Euryarchaeota
Firmicutes
Staphylococcus 0.5 Proteobacteria

I

Streptococcus
Erwinia
Streptomyces
Coprococcus
Kocuria
Paracoccus
Acinetobacter
Brachybacterium
Roseburia
Butyricicoccus
Rhodococcus
Blautia
Ruminococcus
Psychrobacter
Dietzia
Lactococcus
Clostridium
Macrococcus
Pseudomonas
SMB53
Turicibacter
Lactobacillus
Enterococcus
Rummeliibacillus
Bacillus
Brevibacterium
Weissella
Methanobrevibacter
Escherichia
Aerococcus

Anaerococcus

Jeotgalicoccus

ot B4 CB50041 CB200041
Control group CB500 group CB2000 group

Arthrobacter . T FT B J& ; Erwinia . KX 3C [ & ; Streptomyces : 5% B W J& ; Coprococcus : ZEFR W & ; Kocuria . % i R & ;
Paracoccus ; R|ERH )& ; Acinetobacter ; NS ¥1 # J& ; Brachybacterium . J KT B J& ; Rhodococcus : 1.3k J& ; Blautia ; 17 55 ¥F [
)& ; Ruminococcus . 75 1 3R J8 ; Psychrobacter . W& ¥3 ¥I # J& ; Lactococcus : 3LEK B J& ; Macrococcus ; B W BR T J& ; Pseudo-
monas : RN & ; Enterococcus : 1 ¥R # J& ; Rummeliibacillus . & 1§ /R ZF {817 6 )& ; Bacillus . 27 f ¥ & J& ; Brevibacterium . 58
T J&E ; Escherichia . %27 IR J& ; Aerococcus . S BRFE JE , FIKI[E) The same as below,

3 MR EREARSE (R3S MER)

Fig.3 Heatmap of microbial community structure (top 35 genera) in jejunum of weaned piglets
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FH & 4 AT, T8 KT TR R I 2% 45 44 43 B 2
TN ARG S I TR AEAE 1 35 0 58 BAR T, R i) O 3%
BRIE R 2 IR R | AR 55 4 TR R I BR R
SAEE WL H RS, B Butyricicoccus 1
TEACHAEH

Arthrobacter

Pscudomonas

. Clastridium
SMBS3 )

Staphylococeus  sreprofiyces

/" Pafacoccus \ j‘wl’mullu\
/ A N
Stréptococeus SEmpelibicil
/I Methanobrevibacter
Breyil um

Jeatgalicoccus

Rothia ;% [KH & .
B4 BMFREEEHBEKENMNELERSH

Fig.4 Network structure analysis of microbiota in

jejunum of weaned piglets at genus level

H1 & 5 Al A, E e 32 A b oy B A B, Xt AR 4 A
TR B 2 AT 2 25 A TR Y SR TR] Ik A ] 94 7k
P T R AR B WA E—E R 5, XL 3
2 1] B B A S A A 22 57

< 0.10
w
(=]
«
= 0.05 . T2
8 Control group
) CB5004
g 0 “CB500 group
it . CB20004
CB2000 group
-0.05
-0.3 -02 0.1 0 0.1

ERR1 PCI (55.92%)

5 EFREERERERELRSN
Fig.5 PCoA of microbial community structure in

jejunum of weaned piglets

24 (PCREGNENFEZHRFRIEIE

HH 3% 3 AT, qPCR XoF Wr 5 4744 25 o 4 o2 TR A
BTSSR R, 5% MR A H, CB500 4H A
CB2000 417 FF B B F1 K i AT T8 04 AH X = B8 I 3%
FEAR (P<0.05) , T TR A2 T Ak 36 2L R AT 147 5 XL
W57 AT AT B R R 3 B TG B 2 52 (P>0.05)

Table 3 Effects of Clostridium butyricum on relative abundance of certain bacteria in

x3 TBREXNHNFEZHFEERFEXNEENIZI

jejunum of weaned piglets

1g(16S rDNA copies/g)

WiH papiiHa:) CB500 #1 CB2000 £H SEM P1{H

Items Control group CB500 group CB2000 group P-value
A#TFHEF Enterobacteriaceae 6.22° 5.03° 4.89° 0.19 0.042
KIGFFEE Escherichia coli 5.14* 2.98° 3.16" 0.32 0.038
FLERFT T Lactobacillus 6.31 5.16 5.47 0.61 0.206
WU FF T Bifidobacterium 3.13 3.48 2.75 0.31 0.349

3 %W

TR B TR 2 B A T A TR A i
e RAT AW AR TR T R AR
W T IR S W R AN ) T RE R ) g
Ptk I8 1 R 20 B TR, s W G 0 0™ AR Y
BB, A 75 4 Casas %81 SR FE 3R
W e W 5 A7 58 ) A b S T R AR T AT B s i aE

90 R G E /R IR A, IR, TR AR
PR 38 3 fi 3 B R Ih B B VE T, Zong AV IR ST
B AE W5 A7 5 AR v S T T R AR B PT 42 5 i 1
TR NS E 1 -1 (claudin-1) | B &
F (occludin) Fll % %5 #4585 1 -1 ( ZO-1) mRNA 1
Tkt TR ™ Az i H Py ot A2 45 45
e e 2 nT LR FE LA T 5 1) 95 R R
o 3 % e e B SR I T AR RS R R ek
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BEE LR WA VFZ IR A L, 1
A mas B ] R i h I T Ak e 4 & iR

AR 1(CATL) /NIRFGIE AR 1 (PepT1) FIB I 22
R 558 8K (rBAT) () mRNA Fh & {2 &7 Y
FRA W i T AR g R R R R T
PR M2 AT B s DR A3 7 0 R F Ak 3, o 5 e
FIPMeE S5O BT 245 5 — 3, XU A 25 A B T DLk
758 W 18 45 KR R IR BT s AR i 2Rk A
i TR SR O R A, B v AR P RE

JV 3 s A R 3 i ) A R R i R R 2 R
AP — ke 1, i 3 T A W) 22 R Tk
R F T B 0 M R P S0 B AR R
B RS I T R 4% v LA B AR 46 B0 T 0 IR
H ., ABFFEREE & L, CB2000 2H A5 25 i i 1Y
AR B 35 = TR IR, 3E R I 0N I 38 AR
ZREVE RS, BRRE =2 [R) %) AH EL AR i, 24 B A
2 WA A5 I 35 ) 35 sk A AL BRI Bl A K, TR
RE T A i O FF S 25 A2 AT BT s T Ak
pH 2 B3 FH &, (00 10 Bl 0% M B AIC, Bl 450 &
Az AR AR TR B A 5 B0 3 B 2L e DR R R A
B SRAPRIE TS A i vy 3 0 B
AR K AETTKF b, 45 20 0 JEERE T 1] A9 A0 6 =
#FE 75% £ A 5 6 B4 A H, CB500 4 Al
CB2000 AL HUFF B T 1A X £ FE 25 B 2 82 &, )l
IR 2 B2 S 2 A, FRATT RS 7R PR X v ) A 5
W R B FE AR R s i T R AR TR VT 42 R RS E
PUFFBR T AR G £ B 7@ /K b, 5%t B2 4
L, TR IR P 4 o T T R 3 A R R R A5 AR R
S0 R AR X 5 B B S BEAR ., [FIAY, qPCR 25 4l
FWI T R TR W] 0 25 B AR T W A7 4 25 1 1) Mo A AT
BRI FT 5 A A X 3 B 2 R IS 45 1% ik 9 3%
W, ZE W 03 A7 6 T R AR N 5% 10° CFU/g T IR 12
B A2 B PR AT B . R IR A
FEEERIRW 76 W W A7 46 )RR s T R AR TR AT
WD E RS I KT iR . RATABESE 6 &
BT RAR T T AT s v R R W T IR
J& . Butyricicoccus A1 55 5§ [ 16 J& FE B 3K A & 55
AT 4 B B 2 TR, ELIZ 5 AN B I E BT B
HIEH AR, X S 405 A] DLy il Bk E R A AT
Y SENE LI ) T, e AR A BE AR IR, fF i 3B pH
TR M A A A, A R T A fa T
XL — R R T FRATT W R ) T R AR
BRI A B A58 I VS SR AR B SR

FEAR AR P AR N3 B K 19 T R AR T T i B 1
TRtz IR RPN N, B I TR R IR A R
JeE MU B 257 2% 1F 00 B A M 3 B 25 AR
FeERIE P TR A | Butyricicoccus A 97 ¢ T A
JeR A5 A ) T M 3 A R R ) R XS S T R, AT
A A A8 P A R R4 A

SE
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Effects of Clostridium butyricum on Microbial Community Structure in
Jejunum of Weaned Piglets

WANG Yuanxia? ZOU Xiaoting’ ZHENG Youxiu® YANG Hua'? GONG Yujie’
LIU Xiuting® LYU Wentao'? XIAO Yingping'*"

(1. State Key Laboratory for Managing Biotic and Chemical Threats to the Quality and Safety of Agro-Products Co-Built by
Provincial and Ministry (in Reparation) , Hangzhou 310021, China; 2. Institute of Quality and Standard for
Agro-Products, Zhejiang Academy of Agricultural Sciences, Hangzhou 310021, China;

3. College of Animal Sciences, Zhejiang University, Hangzhou 310058, China)

Abstract; The study was conducted to investigate the effects of Clostridium butyricum on microbial community
structure in the jejunum of weaned piglets. A total of 162 (25+1)-day-old healthy DurocXLandraceXxY orkshire
piglets with the body weight of (6.24+0.32) kg were randomly divided into 3 groups with 3 replicates per
group and 18 pigs per replicate. Pigs in the control group were fed a basal diet, and those in the experimental
groups were fed the basal diet supplemented with 500 ( CB500 group) and 2 000 mg/kg ( CB2000 group)
Clostridium butyricum, respectively. The trail lasted for 30 days. At the end of the experiment, every 6 piglets
(2 pigs in each replicate) from each group were slaughtered and used to collect jejunal contents, and the mi-
crobial community structure in jejunum was measured by high-throughput sequencing technology and quantita-
tive PCR (qPCR). The results showed that, compared with the control group, the average body weight of
weaned piglets in the CB500 group and CB2000 group had an increasing trend, but had no significant differ-
ences (P>0.05). The operational taxonomic unit ( OTU) number and Shannon index of microbiota in jejunum
of weaned piglets in the CB2000 group were significantly higher than those in the control group ( P<0.05). At
phylum level, Firmicutes, Actinobacteria, Euryarchaeota, Proteobacteria, Cyanobacteria and Bacteroidetes
were the dominant phyla in jejunum of weaned piglets. Compared with the control group, the Bacteroidetes rel-
ative abundance in both CB500 group and CB2000 group was significantly increased ( P<0.05) , whereas the
Euryarchaeota relative abundance was significantly decreased ( P<0.05). At genus level, SMB53, Staphylo-
coccus , Dietzia, Methanobrevibacter, Lactobacillus, Clostridium, Streptococcus, Corynebacterium, Weissella
and Roseburia were the dominant genera. Compared with the control group, the relative abundance of oppor-
tunistic pathogen such as Pseudomonas and Escherichia was significantly decreased in the Clostridium butyri-
cum groups ( P<0.05) , while the relative abundance of Coprococcus, Roseburia, Butyricicoccus, Blautia and
Ruminococcus was significantly increased ( P<0.05). The qPCR analysis showed that the relative abundance of
Enterobacteriaceae and Escherichia coli in the CB500 group and CB2000 group was significantly reduced com-
pared with the control group ( P<0.05). These results indicate that Clostridium butyricum can increase the bac-
terial diversity in the jejunum of piglets, and effectively improve the intestinal microbial community structure of
piglets by increasing the relative abundance of beneficial bacteria such as Coprococcus, Roseburia, Butyricic-
occus and Blautia, but decreasing the relative abundance of pathogens such as Enterobacteriaceae and Pseudo-
monas.| Chinese Journal of Animal Nutrition, 2020, 32(11) .5128-5136 ]
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